In this study we investigated the variations in soil seed banks along an altitudinal gradient in the Alborz Mountains, Iran, covering three habitats from lower to upper altitudes: forest, forest-subalpine grassland ecotone and subalpine meadow. In each habitat from 1850 to 2400 m, 20 quadrats were established along four transects, and the above-ground vegetation and the germinable seed banks were determined. Results show that the similarity between seed bank and vegetation was lowest in the ecotone located at intermediate altitudes.
Introduction
The soil seed bank refers to seeds buried in soil that are able to remain viable for years and are potentially capable of replacing adult plants when germination requirements are met.
Soil seed banks, particularly persistent ones, may function as the genetic memory of a plant population (Brown and Venable, 1986; Levin, 1990) and play an important role in community dynamics and regeneration (Bakker et al., 1996; Funes et al., 2001) . The capacity of seeds to retain their viability allows species to survive episodes of disturbance and destruction (Thompson, 2000) . In other words, during years when a vegetation experiences severe disturbance, buried viable seeds might reduce the danger of extinction of a population at a particular site (Bakker and Berendse, 1999) .
Seed banks have high temporal (successional) and spatial variability, with conspicuous changes in density and composition (Perera, 2005; Ma et al., 2010; Erfanzadeh et al., 2010; Koch et al., 2011) . Soil seed banks have vertical and horizontal distribution. The vertical distribution shows depth distribution of seeds in soil. It is well-known that depth ratios of species reflect seed longevity: seeds with higher longevity (persistent seeds) are found in deeper soil layer (Bekker et al., 1998) . However, the composition of a seed bank depends on the above-ground vegetation (Rice, 1989) and is influenced by the surrounding vegetation (Godefroid et al. 2006) . In fact, seeds can disperse into other habitats and plant communities through epizoochory and endozoochory if the habitats are being grazed (Poschlod et al. 2005; Agra and Ne'eman, 2012) . Therefore it is possible that seeds produced in each habitat or community are transported to other habitats or communities and become a part of their soil seed banks (horizontal distribution). It may then be assumed that plant seeds of one habitat can be found in the soil of another habitat in spite of being absent from the above-ground vegetation of that habitat. In addition, in a single habitat (with different elevations) that has been grazed, the (re-) distribution of seeds by grazer can contribute to homogenize the spatial variation of soil seed bank among the different elevations.
Recently, studies in mountainous areas have revealed considerable seed banks in many different habitats (e.g. Ma et al., 2010; Li et al., 2012; Loydi et al., 2012; Wang et al., 2013) . Although, the results showed that seed banks could be a potential source for the regeneration of some of these fragile mountainous communities, Miller and Cummins (2003) reported that mountain seed banks were so species poor that any resulting plant community would be unlikely to resemble the original community. As a result, the prospects for recovery were poor in these habitats and it was clearly preferable to minimise or avoid vegetation damage. However, most of these studies on soil seed banks focused on a single plant community in one particular habitat. Few studies actually made comparisons between and among different communities or habitats within a single geographical area.
Hence, future plans and decisions for restoration of degraded sites require more information on potential capacities of soil seed banks. In this study we investigated the variations in soil seed banks along an altitudinal gradient, covering three habitats from lower to upper altitudes: forest, forest-subalpine meadow (hereafter called ecotone) and subalpine meadow (hereafter called meadow). More precisely, we set out to test the following hypotheses: 1) soil seed bank density and diversity is constant along an altitudinal gradient in each habitat, 2) soil seed bank density and diversity will be higher in the ecotone habitat compared to a higher altitude meadow habitat or lower altitude forest habitat and 3) the similarity between the soil seed bank and above-ground vegetation will be generally low in all habitats and altitudes. We also expected to find the seeds of some species of one habitat in the soil of another habitat. Finally, we investigated to what extent the seed banks at two different soil depths were correlated to the above-ground vegetation.
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Materials and methods
Description of the study area
This study was carried out in the Vaz watershed, within the Alborz mountain chain (Iran, Fig.1 ). Two main domains were recognizable along the altitudinal gradient: the Hyrcanian temperate forest from 1500 to 2100 m a.s.l. and (subalpine) meadows which started at 2200 m a.s.l. towards the highest altitudes (max. altitude: 2550 m a.s.l.). According to the physiognomy and structure of the vegetation, it was also possible to distinguish the ecotone between the forest and meadow habitats in the forest-meadow boundary. Dominant plant species in the forest habitat were Fagus orientalis (Carpino-Fagetum orientalis community: Esmailzadeh et al. 2011 ) with a rich cover of herbaceous species in the understory, most prominent, among others, Asperula stellina and Brachypodium pinnatum. In meadow and ecotone habitats herbaceous species communities prevailed (Table 1 ). All three habitats have been grazed for many years by sheep (mostly in the meadow: five sheep per hectare) and cattle (mostly in the forest: the number of cattle per hectare is unknown). In some parts of the meadow, intensive grazing has created gaps in the vegetation, indicating the need to plan for vegetation and plant species restoration. One N-W facing mountainside, which harboured forest, ecotone and meadow, was selected for the study. The hillside had a slope of about 80% and was part of the Vaz watershed and extended between latitudes 52º11´48.28"N and 52º09´36.39"N and longitudes 36º16´16.19"E and 36º17´10.71"E ( 
Seed bank sampling
In each habitat (forest, ecotone and meadow) a key area was selected with a ca. 5 ha surface. The key area was a homogenous area which could be considered to be representative of the entire habitat in that location (Heady and Child, 1994) . In each area, four transects, 100m long, were established perpendicular to the main gradient (slope) with a 50m altitudinal difference between two transects (distances between two adjacent transects could therefore be different). GPS was used to determine the location and altitude of each transect. Along each transect, five 2m×2m quadrats were systematically established. Soil samples were collected in March 2010 when natural stratification had already taken place in the field and the soil seed bank combined transient as well as persistent seed banks. Nevertheless, the samples were stored moist at 3-4 ºC for two months in the laboratory to cold stratify the seeds and to treat dormancy breaking (Allen and Nowak, 2008; Schwienbacher et al., 2011) . Using a 3 cm 4 diameter auger, 25 soil cores were collected randomly to a depth of 10 cm from each quadrat.
These samples were divided into two subsamples (0-5 and 5-10 cm), and the subsamples were then pooled per soil layer for each quadrat. This resulted in an average of about 0.88 litre of soil sample from each quadrat for each layer, which exceeded the recommended 0.80 litre of soil necessary to determine the species composition of the seed bank (Hutchings, 1986) . After cold treatment, the subsamples were then spread-out in a thin layer (4mm) in 40cm × 36cm trays filled with sterilized potting soil. Therefore, for each transect, 10 trays were assigned: 5 for the upper layer and 5 for the lower layer. The trays were placed randomly on shelves in a greenhouse with a natural light regime and were kept moist by spraying regularly with tap water. 15 control trays, filled with the same sterilized potting soil were also placed randomly on the shelves to test for possible greenhouse and potting soil contamination.
Seedlings were identified as soon as possible after germination, counted and removed or, if they could not be identified immediately, were transplanted into pots to allow further growth and identification.
After 7 months, when there was no further seed germination, the trays were left to dry for two weeks. This allowed the samples to be crumbled to expose deeper buried seeds to the light. After watering the samples for another two weeks, no new seedlings emerged.
Nevertheless, the residual soil was checked for remaining seeds by viewing small random samples taken from the trays under a microscope and probing seeds with a needle in order to distinguish between firm and empty seeds. Since the number of seeds that remained in the investigated soil samples was very low, we did not correct germination data for remaining viable seeds.
Vegetation sampling
Above-ground vegetation was recorded during the growing season of each habitat in 2011 by visually estimating the cover of all vascular plant species using a decimal scale (Londo, 1976) in all quadrats used for the soil seed bank sampling. In the forest and ecotone habitats, the percentage cover of shrubs and trees was also recorded in the same quadrats.
Data analysis
Seedling counts were recalculated to germinable seed density, expressed per m 2 for each 5 cm soil depth layer and for each species separately. Similarity between the species composition of the above-ground vegetation and the soil seed bank was assessed using the qualitative Sørensen similarity index (Kent and Coker, 1995) in each quadrat for each depth separately. In addition, in each quadrat, species diversity of the seed bank was calculated using a Shannon index for each soil layer separately (Kent and Coker, 1995) .
Seed density was transformed to log10(X+1) to meet normal distribution. A general linear model was used to compare the seed density, diversity and similarity between altitudes.
Seed bank characteristics were introduced as dependent variables, while depth categories (0-5cm and 5-10cm) and altitude categories (twelve different altitudes) were introduced as fixed
factors. An interaction between depth and altitude was also considered in the model.
Furthermore, the data were divided into three groups: forest, ecotone and meadow. Seed bank characteristics were introduced as dependent variables, and depth and habitat as fixed factors.
Interactions between fixed factors were also entered into the model (see also Erfanzadeh et al. 2010 ). These statistical analyses were performed using SPSS 16 (SPSS Inc, USA;
www.spss.com).
To compare the composition and abundance of species in the vegetation and the seed banks in the three habitats, a multivariate ordination was conducted using Detrended
Correspondence Analysis (DCA; Hill and Gauch, 1980) . DCA was used to examine the variation in plant species composition, and was applied to the species frequency data.
Graphical plots of data ordinations were constructed using CANODRAW (Smilauer, 1992) .
All analyses were performed using the CANOCO program, following the default options for DCA. For both ordinations of the seed bank and vegetation data, the two first ordination axes were retained for interpretation. For seed bank data, species frequencies were calculated as the number of seedlings of one species divided by the total number of seedlings in the seed bank for each quadrat.
Results
Species composition in the soil seed bank and above-ground vegetation
In total, 92 species germinated from the soil samples: 35 species in the forest, 74 in the ecotone and 49 in the meadow. The dominant plant species were Carex sp. in the forest and ecotone and Festuca ovina in the meadow (Table 1) .
<<< Tab. 1
In total, 116 species were recorded in the above-ground vegetation of which 59, 74
and 65 species were observed only in forest, ecotone and meadow habitats, respectively. The 6 dominant plant species were Fagus orientalis, Brachypodium pinnatum and Festuca ovina in the forest, ecotone and meadow habitats, respectively (Table 1) .
The relationship between the soil seed bank and above-ground vegetation
Similarity between the soil seed bank and above-ground vegetation was relatively low in all habitats and at different altitudes. The mean values of Sørensen similarity indices between above-ground vegetation and the seed banks of the upper soil layer were 19.6%, 14.6% and 24.3% in forest, ecotone and meadow habitats, respectively. The mean values of Sørensen similarity indices between the above-ground vegetation and seed banks of the lower soil layer were 8.1%, 11.1% and 10.2% for forest, ecotone and meadow habitats, respectively. The results of GLM showed that depth, altitude, habitats, interactions between depth×habitat and depth×altitude had significant effects on similarity between the soil seed bank and above-ground vegetation (P<0.05). Similarity between the soil seed bank of the upper soil layer and above-ground vegetation was significantly lower in the ecotone than in the forest and meadow. This similarity was also significantly higher at some altitudes located in the forest and the meadow than at the altitudes located in the ecotone. Similarity between the soil seed bank of the lower layer of soil samples and above-ground vegetation was not significantly different between altitudes and habitats (Table 2) .
<<< Tab. 2
Detrended correspondence analysis (DCA) of the soil seed bank and vegetation quadrats identified groupings of species composition ( The species diversity of the seed bank in the upper soil layer was highest at 2050m altitude ( Fig. 3 ) and significantly higher in the ecotone than in the forest and in the meadow.
Although the species diversity of the seed bank in the lower soil layer changed significantly with altitude in the three different habitats, the variation of soil seed diversity between different altitudes and habitats was relatively low and did not follow a constant variation in this soil layer (Table 2) .
Seed density
Mean seed densities in upper soil layers of forest, ecotone and meadow habitats were significantly different: 2821 seeds m -2 , 11453 seeds m -2 and 4390 seeds m -2 , respectively, and in lower soil layers, 252 seeds m -2 , 473 seeds m -2 and 583 seeds m -2 , respectively. In all habitats, seed density was significantly higher in the upper than in the lower soil layers (Fig.   4 ). The interaction between habitat and depth was significant.
Seed density in the upper soil layers was significantly higher at altitudes of 2050m
and 2100m than at the other altitudes. Seed density in the lower soil layer was significantly higher at 2250m than at the other altitudes ( Fig. 5 and Table 2 ). It is hypothesized that the seeds of these species had been produced in the meadow habitat and were then transferred into the forest habitat (probably by grazing animals; cf. Wessels-de Wit and Schwabe, 2010) . Similarly, the seeds of 22 species were present in the soil of the ecotone zone while these species were present in the above-ground vegetation of the meadow and absent in the vegetation of the ecotone zone. It can thus be concluded that woody plants which exist in the forest and forest meadow habitats probably act against 8 intensive grazing for the seed of herbaceous species coming from other habitats. As a result, lower altitudes and their woody vegetation could act as a store for seeds of species growing in open-land at higher altitudes or of species that had formerly existed at higher altitudes. It should be eventually possible, therefore, to rely on the forest seed bank to recover extinct species from meadows, by transporting the soil from the forest into the meadow or by extracting meadow seeds from forest soil.
The relationship between the soil seed bank and above-ground vegetation
The similarity between the seed bank and the above-ground vegetation was generally low at all altitudes and ranged from 14% to 24% for the upper soil layer and 8% to 11% for the lower soil layer. A low similarity or the lack of correspondence between the seed banks and above-ground vegetation has been reported also in other habitats, like sand dunes (Planisek and Pippen, 1984) , agro-ecosystems (e.g. Caixinhas et al., 1993) , grasslands (e.g. Funes et al., 2003; Koch et al., 2011) , semi-arid rangeland (Solomon et al., 2006) , alpine meadows (Ma et al., 2010) , salt marshes (Erfanzadeh et al., 2010) and the lower ranges of the Hyrcanian forest (Esmailzadeh et al., 2011) . This low similarity indicates that the contribution of the dominant species to the formation of the soil seed bank is of minor importance. In contrast, high similarity between the above-ground vegetation and the soil seed bank has been reported in few only other studies (e.g. Shaukat and Siddiqui, 2004) . In the present study, the similarity between the above-ground vegetation and the seed bank of the upper layer (0-5cm depth) showed a U-shaped curve along the altitudinal gradient, where the lowest values were mostly at altitudes between 2050 and 2200 m a.s.l. The result of DCA also showed that the species composition of the vegetation was very different from the soil seed banks in the ecotone quadrats. The species composition in the forest and meadow habitats did not show such obvious differentiation between seed bank and vegetation.
Although, Sørensen similarity index between soil seed bank and above-ground vegetation was relatively low in all habitats, but it was lowest in the ecotone habitat. The low similarity between above-ground vegetation and soil seed bank at this habitat may be related to the fact that the above-ground vegetation at these altitudes was highly represented by species that were absent from the seed bank, such as Holosteum sp., Achillea millefolium, Agrostis sp. and Centaurea cyanus. Some Poaceae (e.g. Agrostis sp.) are clonal species which had probably increased their vegetative growth as a form of alternative reproduction against grazing at the expense of seed production, and therefore contributed less to the seed banks. The ecotone seed bank included Artemisia chamaemelifolia, Brachypodium sylvaticum and Crepis kotschyana which were absent in the above-ground vegetation there. Despite a relative high cover percentage of shrubs and trees in the above-ground vegetation of forest and ecotone habitats, most of these species were absent in the soil seed bank. The portion of forbs in the seed bank was high compared to their proportion in the above-ground vegetation. All of these latter species produce numerous small seeds that are dispersed by wind, animals or even by water, and they have a high survival potential in the soil (Fenner and Thompson, 2005) . In the forest, Fagus orientalis was dominant in above-ground vegetation, but neither its nutlets nor diaspores of other trees (e.g. Quercus castaneifolia and Carpinus orientalis) were ever found in the seed bank. Viable seeds of those species may not accumulate in the soil, because of a greater risk of mortality -by recalcitrance (oak acorns) as well as by predation by animals (Lambers et al., 2005) , or because virtually all viable seeds germinated in the spring (Esmailzadeh et al., 2011) . A previous study in the Hyrcanian forest also showed that all the species that were either recorded only in the above-ground vegetation and absent from seed bank, or abundant in the vegetation but rare in the seed bank were tress and long-lived perennials (Asadi et al., 2012) . Surprisingly, Trifolium angustifolium was never found in the above-ground vegetation of the study area but found in the seed bank of all the three habitats.
This species is a very palatable plant, particularly for sheep, and is therefore extremely underrepresented in the standing vegetation, enduring hidden against the grazers as seed in soil.
The similarity between the soil seed bank of the upper soil layer and the above-ground vegetation in the meadow habitat, in particular where over-grazing had degraded some parts of it, was relatively high compared with the situation in the ecotone and forest habitats (24.3% vs. 14.6% and 19.6%). Based on these results, we conclude that in degraded meadows the potential role of the local seed bank for the restoration is relatively high. Cessation of grazing could indeed permit the restoration of degraded sites there, because bare soil gaps can be colonized with species belonging to the above-ground vegetation via the seed bank (no need of epizoochorous dispersal by sheep, as described by Wessels et al. (2008) , although top-soil removal can be necessary improving the restoration success (Verhagen et al., 2001 ).
Since many species in the above-ground vegetation are unpalatable or less well palatable (such as Brachypodium pinnatum and Festuca ovina: Massey et al. 2009 ), managers are advised to think about restoration of a high-diversity grass and herb vegetation via the seed bank. If restoration of bare soil gaps by more palatable species is desired, then the introduction of their seeds from hitherto un-grazed sites would be necessary, since availability of the seeds of these species in the seed bank of grazed meadows is negligible or absent.
In the northwestern Red Sea region, Hegazy et al. (2009) also found that similarity between above-ground vegetation and the soil seed bank was lowest at intermediate altitudes.
In contrast, Ma et al. (2010) found that similarity between the species composition of the vegetation and the seed bank decreased with increasing altitude. The investigated vegetation of both studies differs strongly from that in the Alborz Mountains. Here, the relatively greatest similarity between the floras of seed bank and standing vegetation is given in the high-altitude meadows.
Although in all habitats seed density in the lower soil layers (5-10 cm depth) was generally low compared with the upper layers, it was significantly higher in the meadow than in the other two habitats. The rate of persistent seeds in the meadow seed bank is consequently higher than in the forest and ecotone. Indeed, persistent seeds are known to penetrate rather often deeper into the soil than seeds belonging to transient seed banks (Thompson et al., 1997) .
Seed density and diversity
Seed density and diversity was highest at some altitude transects located in the ecotone in the upper soil layer. In fact, here often a clumping of seeds was found. These results, together with the low similarity between the soil seed bank and above-ground In the ecotone habitat, the number of species in above-ground vegetation was 55, while the number of species in the upper soil layer was 56. In the other two habitats, the number of species in the soil seed bank was much lower than the number of species in the above-ground vegetation. Seeds probably enter the ecotone from surrounding areas, perhaps by sheep translocation, since this habitat is located between the forest and meadow habitats, and the animals move across the ecotone. Previous studies (e.g. Poschlod et al., 2005) reported that seeds of many species can be dispersed by epizoochory (seed dispersal on the body surface of mammals) and endozoochory (seed dispersal via ingestion by mammals).
However, the amount of seed dispersal by grazing animal in this specific location still needs to be quantified.
The humped trend of seed bank density and diversity at the 0-5 cm depth along the altitude gradient demonstrated that the present study is not directly comparable with either the results obtained by Cummins and Miller (2002) and Ma et al. (2010) in which seed bank density and species richness decreased significantly with increasing altitude, or the results obtained by Funes et al. (2003) in which the richness and density of the soil seed bank increased with increasing altitude. The different outcomes of methodically similar investigations in different regions of the world point to the peculiar importance the floristically and structurally different vegetation types have.
Our study revealed that, conforming to our expectations, forest habitats contain a smaller number of seeds than meadows. However, the forest contained some seeds of species that are typical for the above-ground vegetation of species occurring in the ecotone range and at the meadows in higher altitudes of the mountain range, so that the forest belt, at least in its upper ranges, acts as a genetic memory, at least for a short period of time. This role is even more prominent for the ecotone which represents indeed a seed reserve for the meadow species. Some seeds were found at lower altitudes (forest) which are not present in the aboveground vegetation indicating that deterministic factors, rather than stochastic factors, might drive the plant communities at these altitudes. Finally, it is well-known that Asperula odorata
and Brachypodium sylvaticum are typical species of deciduous forests. Surprisingly, we found these species in the above-ground vegetation of upper elevations in the meadow habitat. Whether occurrence of these species is generally shifting to higher altitudes, possibly as a consequence of a climatic warming, needs to be investigated in future studies. Arabis rimarum L. Festuca ovina L. 3.4 (1,2,3,4) 4.9 (5,6,7,8) 15.3 (9,10,11,12) 10.2 (1,2,3,4) 0.0 168.1 (5,7,8) 76.5 (5,6) 986.7 (11,12) 48.7 (9, 10, 11, 12) Gagea gageoides (Zucc.)Vved. 6 (10,11,12) Mespilus germanica L. 2 (9, 10,11,12) Oxalis corniculata L. Stachys byzantina Boiss. 4 (9,10,11,12) 712.8 (10, 11, 12) Stachys inflate Benth. 
